abstract OBJECTIVE: Maternal depression is a risk factor for adolescent depression; however, the effect of childhood exposure to maternal depression on adolescent engagement in health risk behaviors (eg, substance use, delinquency) is unclear.
WHAT'S KNOWN ON THIS SUBJECT:
Maternal depression has been associated with adolescent engagement in risky behaviors such as substance use. However, there is a lack of longitudinal research examining timing-specific effects in this relationship.
WHAT THIS STUDY ADDS:
The results of this study indicate that youth exposed to increasing levels of maternal depressive symptoms in middle childhood are more likely to engage in substance use and delinquent behaviors and have an earlier debut age of these behaviors.
Adolescence is a developmental period characterized by multiple physiologic, behavioral, and emotional changes, including an increase in health risk behaviors, such as sexual intercourse, substance use, and delinquency. 1 Substance behavior patterns tend to emerge during adolescence. 2 In 2011, according to a report by the Centers for Disease Control and Prevention, 38.7% of high school students had used alcohol in the 30 days before the survey, 18% had smoked cigarettes, and 33% had been in a physical fight. 3 Youth engagement in health risk behaviors has been associated with parenting factors during adolescence such as the quality of the parent-child relationship and parental engagement in health risk behaviors 4, 5 ; however, longitudinal research on earlier childhood factors may better explain the etiology of health risk behavior development.
Much of the previous research has been cross-sectional and therefore overlooks the potential contributions of childhood factors, such as exposure to parental mental illness. Maternal depression is a well-known risk factor for problematic adjustment, particularly depression, influencing youth outcomes through many pathways (eg, genetic vulnerability, parenting behaviors). Outcomes associated with exposure to maternal depression have a demonstrated relationship with engagement in health risk behaviors, such as increased stress response, childhood externalizing problems, and maladaptive affect regulation strategies. [6] [7] [8] Furthermore, correlates of maternal depression, such as hostile parenting, are involved in the development of childhood aggression, 9 and children of depressed mothers have demonstrated more childhood externalizing behavior. 10, 11 Those who do not learn to regulate aggression during childhood are the most likely to continue the use of aggressive behavior during adolescence, 7 and exposure to maternal depression during middle childhood affects the development of emotional self-regulation strategies. 12 However, the effect of childhood exposure to maternal depression on youth health risk behaviors is an emerging field of research.
Previous longitudinal research on maternal depression has demonstrated timing-specific effects on the offspring. For example, 1 study reported a sensitive window for exposure; youth initially exposed to maternal depression at ages 2 to 5 years had higher odds of experiencing emotional disorder. 13 Another article, examining exposure during early childhood, concluded that maternal depression has differential effects on child problem behavior depending on its course. 14 The first study that modeled trajectories of maternal depression that were prospectively assessed throughout childhood found chronic depression to be associated with adolescent adjustment difficulties. 15 These findings underscore the importance of accounting for different patterns of maternal depression to illustrate any timing-or patternspecific effects. The primary objective of this prospective cohort study was to investigate the effects of varying exposure to maternal depressive symptoms throughout childhood (age 4-15) on adolescent health risk behavior engagement at age 16 to 17. We hypothesized that youth exposed to high levels of maternal depression throughout childhood would engage in more health risk behavior than youth exposed to low levels of maternal depressive symptoms.
METHODS
This research was approved by the Health Research Ethics Board at the University of Alberta.
Sample
This study used data from the National Longitudinal Survey of Children and Youth (NLSCY), a nationally representative population-based cohort of 16 903 Canadian children studied every 2 years beginning in 1994 to 1995 and ending in 2008 to 2009. This study examined children aged 2 to 5 during 1994 to 1995 (N = 2910) and followed them longitudinally until they reached the age of 16 to 17 (2008-2009) . During data collection, the mothers of the children completed various questionnaires, used to collect general health information about themselves and their spouses or partners and information on the children's social environment, such as maternal mental health, social support, and family functioning. Once the children reached the age of 10 to 11, they were asked to confidentially complete their own questionnaires. 16 
Materials

Maternal Depression
A shortened form of the Center for Epidemiologic Studies Depression Scale (CES-D), including 12 questions pertaining to the experience of certain feelings during the past week (eg, "I felt that I could not shake off the blues even with help from my family or friends," "I felt depressed," "I felt hopeful about the future"), was used to assess maternal depression symptoms. 17 There were 4 response categories, ranging from "rarely or none of the time (,1 day)" to "most or all of the time (5-7 days)."A summative score, from 0 to 36, was calculated for each mother every 2-year survey cycle, with higher scores indicating greater depressive symptoms. Cronbach's a for the cycle-specific CES-D scores ranged from .91 to .97, indicating excellent internal consistency, and the mean scores for the sample ranged from 3.98 to 4.81. Across the cycles, ∼10% to 17% of the sample reached the clinical cutoff score of 12, indicating the presence of depression. 18 There were 4 possible responses per item, ranging from never to 5 times or more. Questions about the age of first engagement, beginning at age 12, were asked for alcohol and drug use (cigarettes, marijuana, hallucinogens, prescription drugs, and other drugs) and sexual intercourse.
Health Risk Behaviors
Covariates
Additional covariates were controlled for in the regression analyses because of their association with maternal depression and health risk behaviors: baseline household socioeconomic status (SES) and adolescent gender. Five standardized variables, with a mean of 0 and an SD of 1, were used by Statistics Canada to derive the SES score for the NLSCY: the level of education of the mother, the level of education of the spouse or partner, the prestige of the mother's occupation, the prestige of the spouse or partner's occupation, and household income. Furthermore, because the NLSCY established cohorts at 2-year intervals, included in the age range of 2 to 5 years in 1994 to 1995 are the subcohorts of 2-to 3-year-olds and 4-to 5-year-olds; therefore, we controlled for any potential cohort effects.
Statistical Analysis
We modeled trajectories of maternal depression during adolescents' age 4 to 15 by using latent class growth analysis. 19 This approach uses a finite mixture model procedure to estimate multiple subgroups within the sample; it is designed to describe the trajectory over time in the variable and model unobserved heterogeneity in the population. We implemented this procedure in SAS (SAS Institute, Inc, Cary, NC) by using PROC TRAJ, which is capable of modeling up to fourthorder polynomial relationships between age and the observed behavior. 19 We assessed model fit by comparing the Bayesian information criterion (BIC) values between models and by examining the average posterior probabilities of group membership, which approximate internal reliability. [19] [20] [21] The strength of the evidence favoring the more complex model (ie, greater number of trajectories) is defined as follows: Values of $10 for 2(ΔBIC) are considered very strong evidence, values between 6 and 10 are strong evidence, values between 2 and 6 are considered positive evidence, and values between 0 and 2 are weak evidence for the alternative model. 19 Generally, average posterior probabilities .0.7 are considered to indicate that the trajectory groups include individuals who follow a similar pattern and discriminate between patterns of change that are dissimilar. 21 Maternal depression (CES-D) scores, measured every 2 years between child's age 4 to 5 and 14 to 15, were the dependent variable in the mixture model, and corresponding child's age was the independent variable.
Principal components analysis (PCA) was conducted on the frequencybased (ie, "During the past 12 months how many times have you . . .") health risk behavior questions, assessed at age 16 to 17 to describe the empirical structure of such behaviors and simplify the items for the main analyses. Factors with eigenvalues .1 were retained, a decision that was confirmed through graphic examination of a scree plot. Because health risk behaviors tend to co-occur and cannot be assumed to be uncorrelated, oblique rotation methods were used. Factor scores were calculated for each determined factor.
To determine the relationship between trajectories of maternal depressive symptoms during childhood and engagement in patterns of health risk behavior at age 16 to 17, multiple linear regression models were used, including maternal depressive trajectory group as the main predictor variable and the factor scores for health risk behaviors as the outcome. Bivariate associations were initially tested, and subsequently the models were adjusted for the effects of gender, SES, and age cohort.
We conducted Cox regressions to compare the rates of debut engagement in behavior across the subgroups in bivariate and adjusted analyses, using the NLSCY questions pertaining to age of first engagement in the different domains of health risk behaviors (ie, "How old were you when you tried the following drugs for the first time?"). The adjusted models controlled for the effects of gender, cohort, and baseline SES. The study end date was defined as September 2009, when the data collection for Cycle 8 had been completed, and the origin was defined as the child's birth date. The proportional hazard assumption of Cox regression models was not violated in any models. Hazard ratios were calculated to compare the age of onset of behaviors between the trajectories of maternal depressive symptoms subgroups. Finally, because the sampling variance of the NLSCY is difficult to calculate because of the complex sample design, nonresponse adjustments, and poststratification, 22 bootstrap weights provided by Statistics Canada were used in all regression analyses.
RESULTS
Prevalence of health risk behavior engagement in this sample of 2910 youth is provided in Table 1 . By age 16 to 17, prevalence of health risk behaviors ranged from rare events such as attempting suicide (1.7%) and fighting to the point of injuring someone (6.7%) to highly prevalent behaviors such as drinking alcohol (58%).
Identifying Trajectories of Maternal Depression Symptoms
There was strong evidence favoring a 5-trajectory model, 2(ΔBIC) = 194.38 (Supplemental Table 5 ). Figure 1 displays the final model: group 1, the low stable exposure reference group (quadratic order; 47.9% of the sample); group 2, the mild stable exposure group (linear order; 36.0% of the sample); group 3, the increasing exposure group (cubic order; 10.4% of the sample); group 4, the high decreasing exposure group (cubic order; 4.0% of the sample); and finally, group 5, the high stable exposure group (quadratic order; 1.7% of the sample). The average posterior probabilities ranged from .75 (group 2) to .95 (group 5), indicating good model fit in terms of group membership.
Compared with adolescents in the low stable exposure group, adolescents in all other trajectory groups had significantly lower SES scores at baseline (all P values , .004). There were no differences across trajectory groups with respect to child's gender and cohort membership.
PCA of Adolescents' Health Risk Behaviors
The PCA yielded 5 factors of adolescents' health risk behaviors that had eigenvalues .1, explaining 56% of the variance in these behaviors ( Table 2) . Factor 1 (common substances) contained commonly used substances (cigarettes, alcohol, and marijuana) and both operating and being a passenger in a vehicle driven under the influence of substances. Factor 2 (nonviolent delinquency) contained nonviolent, delinquent behaviors: stealing, destruction of property, running away, and being out all night. Items exhibiting high loadings on Factor 3 (illicit substances) included less commonly used drugs such as hallucinogens and other drugs (eg, crack/cocaine) and selling drugs. Factor 4 (violent delinquency) contained violent, delinquent behaviors: fighting someone to the point they had to care for their injuries, attacking someone with the intent of seriously hurting them, being questioned by police over something they thought you did, and carrying a weapon. Factor 5 contained both the sexual assault and inhalant use variables.
Maternal Depressive Trajectories and Adolescent Health Risk Behaviors
Compared with adolescents in the low stable group (trajectory group 1), 
FIGURE 1
Five-group trajectory model of maternal CES-D scores by child' s age.
only the middle childhood exposure group (trajectory group 4) had higher scores for common substance use (P = .005; Table 3 ). Adolescents exposed to high symptoms during middle childhood but decreasing symptoms by adolescence (trajectory group 4) and recurrent maternal depressive symptoms (trajectory group 5) had significantly higher factor scores for nonviolent delinquent behaviors than adolescents exposed to very low levels of maternal depressive symptoms (P = .03, and .01, respectively). Adolescents exposed during middle childhood (trajectory group 4) had significantly higher illicit substance scores than adolescents in the low stable group; however, this was only found in the unadjusted analysis (P = .05). These adolescents also had significantly higher violent delinquent behavior scores than adolescents exposed to very few maternal depressive symptoms in both the crude (P = .01) and adjusted (P = .02) models. 
Maternal Depressive Trajectories and Debut Age of Health Risk Behaviors
DISCUSSION
The affective outcomes that may arise after childhood exposure to maternal depression are well documented, occurring throughout childhood into young adulthood, 23 ,24 yet longitudinal behavioral outcomes warrant additional study. The results of this large population-based study are congruent with the hypothesis that childhood exposure to maternal depressive symptoms is associated with greater and earlier adolescent engagement in health risk behaviors. These behaviors are undoubtedly prevalent during adolescence; almost 20% of this sample reported weekly cigarette use, and almost 60% had consumed alcohol to the point of intoxication (10% were doing so weekly).
The results from this research indicate that those exposed to maternal depressive symptoms during middle childhood engaged in more health risk behaviors than those exposed to low symptoms, including violent and nonviolent delinquent behaviors, and substance use. Adolescents exposed to recurrent maternal symptoms throughout childhood engaged in more nonviolent delinquent behaviors than those exposed to low symptoms. However, those exposed to increasing depressive symptoms during early adolescence did not engage in more health risk behaviors.
These results may reflect early development of a lasting behavioral pattern, resulting from earlier exposure to maternal depression. Middle childhood is a period of increasing cognitive, social, and emotional development; children in this age group begin school, refine their linguistic skills, and increasingly engage in social peer relationships. Cognitive and socioemotional development may be particularly relevant to the development of both internalizing and externalizing behavioral patterns. During childhood, mothers are able to foster development through responsive parenting behaviors. 25, 26 Conversely, pathways through which maternal depression affects the child include exposure to maladaptive maternal affect and behaviors, as well as exposure to the stressful environmental context associated with maternal depression. 23, 24 Exposure to maternal depressive symptoms, and the associated 27 This notion of behavioral continuity is supported by research that found that high levels of externalizing behaviors, including aggression, at earlier ages predicts the later engagement in problem behaviors, including substance use. 27, 28, 30 It is a robust finding that debut age of drug use predicts later substance abuse and future engagement in additional health risk behaviors. 31, 32 Additional consequences of early substance use may be reflected in increased suicide risk, 33 which itself represents a significant proportion of young adult and adolescent mortality.
Surprisingly, however, adolescents in the recurrent maternal depression group had only significantly higher nonviolent delinquency scores and did not have significantly higher factor scores on the remaining behaviors. It was also unexpected that these youth did not engage in substance use earlier. These findings were not anticipated, because there is an established association between adolescent psychopathology, including internalizing disorders such as depression, and an earlier onset of substance use. 34 Although this finding may reflect inadequate power for the sample size in the recurrent depression group (1.64% of the sample fell into group 5), it may also reflect differences in adolescent outcomes associated with varied timing of exposure to or severity of maternal depressive symptoms. The children exposed to recurrent maternal depression were exposed to more severe depressive symptoms, which may have had effects different from those of midchildhood exposure followed by remittance.
Limitations
There are methodological considerations to note for this study.
The main outcome measure, health risk behavior, was self-reported by the youth and is therefore subject to potential biases such as social desirability bias; however, it is likely that these behaviors are underreported rather than overreported. Additionally, the weighted estimate of attrition in this sample was 37.47%; attrition may have affected the results, because those with higher depressive scores, higher number of stressful life events and alcohol use, and lower SES dropped out from the study, and the adolescent engagement in health risk behavior for this higher-risk group was not assessed. Finally, this research was limited to maternal depressive symptoms, because in cycle 1 of the NLSCY, 91.3% of the children's main parental survey respondents were mothers. Research suggests that paternal depression similarly affects children, 35 but this potential association was beyond the methodological scope of the present study.
Despite these limitations, this research had notable methodological strengths over some past research. These strengths include the use of a nationally representative cohort with a large sample size and bootstrap weighting; the longitudinal nature of the data, which allows stronger temporal inference; and the prospective collection of maternal depressive symptoms (as opposed to retrospective data collection). Although the assessment of depressive symptoms over the past 2 weeks may be prone to some recall bias, depressive scores were systematically collected every 2 years during the participants' lifetimes, as opposed to retrospective assessment, which also allowed trajectory modeling.
It is important to note that although using trajectory modeling as a categorical variable is useful in describing longitudinal data, allowing clusters of individuals who follow similar behavioral trajectories over time to be identified, and used in additional statistical inference, 19 these discrete trajectories may not fully represent real-world phenomena, and caution must be taken in interpreting the findings with respect to membership in distinct maternal depression groups. The use of trajectories with respect to childhood exposure to maternal depressive symptoms allows group membership to be inferred from the longitudinal CES-D scores. Although the group size for the recurrent maternal depression group was small, the trajectory model selected best represented the observed data on maternal depressive symptoms, thereby improving estimates of patterns of childhood exposure to maternal depression.
The results of this study suggest that exposure to maternal depressive symptoms in childhood is associated with greater, earlier engagement in health risk behaviors, and they suggest a sensitive period in midchildhood during which exposure to maternal depressive symptoms appears to have the strongest effects on adolescent engagement in delinquent and substance use behaviors. Engagement in risky behaviors, which are increasingly prevalent during the adolescent years, may be associated with severe immediate and future morbidity and mortality risks. Consequently, identification and treatment of depressed mothers during midchildhood years may have an impact in reducing the engagement in health risk behaviors in adolescence and associated longterm sequelae.
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